and Productivity Measurement i n U.S.
The major effort in measuring agricultural productivity is undertaken by the U.S. Department of Agriculture (USDA). An American Agricultural Economics Association task force on measuring productivity has examined the sources and procedures used in constructing the official statistics (see Loomis and Barton, Lambert, Barton and Durost). The task force recommended that the USDA adopt a series of specific improvements for constructing certain inputs, and use an indexing procedure that does not impose a priori restrictions on the structure of production.1 This paper presents revised indexes of outputs and inputs. The data are used to construct indexes of productivity growth over the postwar period. The productivity indexes can be derived from a flexible multioutput-multifactor representation of the structure of production-the translog transformation function-constrained to constant returns to scale.2 The indexes of outputs and inputs have the same form, and their ratio coincides with the estimate of productivity growth.
Productivity Indexes Based on the Translog Transformation Function
Christensen and Jorgenson proposed the following index of total factor productivity (TFP): where the Yj are output indexes, the X, are input indexes, the R? are output revenue shares, and the Sj are input cost shares. Diewert (1976) has shown that (1) can be derived from a homogenous translog transformation function that is separable in outputs and inputs and exhibits neutral differences in productivity. Caves, Christensen, and Diewert have shown that separability and neutrality are not required to derive (1) from a homogenous translog transformation function. The translog function itself can provide a secondorder approximation to an arbitrary linearly homogenous function. The functions defining the output and input aggregates are assumed to be of the translog form. Diewert (1976) has shown that the Tornqvist-Theil quantity index is exact for the translog aggregator function. He has termed index numbers that are exact for flexible aggregator functions "superlative." Implicit price indexes are obtained as the ratios of value to the quantity indexes. This is because the Tornqvist-Theil index satisfies Fisher's weak factor reversal test only approximately.
The labor input data were developed by Gollop and Jorgenson.3 They measure wage rates as well as hours worked by characteristics of individual workers. The labor input is decomposed into cells cross-classified by the two sexes, eight age groups, five educational groups, two employment classes, and ten occupational groups. The dimensions of the labor matrix are given in table 2.
No existing household or establishment survey, including the recently expanded Current Population Survey, is designed to provide annual data on the distribution of workers among the 1,600 cells. However, existing surveys do provide marginal totals cross-classified by two, three, and sometimes four characteristics of labor input. These marginal distributions, available for each year 1948-79, provide the basis for estimates of labor input and labor cost. Extensive use is made of the suitably generalized biproportional matrix method (Bacharach).
The value of labor services equals the value of labor payments plus the imputed value of self-employed and unpaid family labor. The imputed wage is set equal to the mean wage of hired workers with the same demographic and occupational characteristics. Based on these data, Tornqvist-Theil indexes of hired and self-employed and unpaid labor are reported in table 3.
The USDA index of labor input weights all hours equally, regardless of differences in education, age, sex, and occupation of workers. Furthermore, the USDA labor input data are not determined from surveys of hours worked or workers committed to agricultural production. Rather, the labor input is calculated on a "requirements" basis using estimated quantities of labor required for various production activities. The resulting index of labor input declines at a rate in excess of 4% per year; the Tornqvist-Theil index declines at an annual rate of 3.17%.
Capital Input
The capital input data are derived from information on investment and the outlay on capital services. The perpetual inventory method (Jorgenson) is used to estimate the level of capital stock for twelve assets. The relationship between investment and capital stock takes the form To estimate the stock of farmland, Tornqvist-Theil price and implicit quantity indexes are constructed using as prices land values (excluding buildings) per acre. It was assumed that farmland within a state was homogenous in quality; hence, aggregation was at the state level. The estimated level of capital stock for each asset, price indexes, and replacement values are reported in tables 4-6.
The dual to the perpetual inventory method (Jorgenson) provides the theoretical frame- The rate of returns is equal to the ratio of property compensation less depreciation, plus capital gains, and less property taxes, to the value of capital at the beginning of the period. This is the nominal rate of return since it includes revaluation of assets. The corresponding own rate of return excludes revaluation The development of data on capital stocks and the rental prices of capital services has been outlined above. Rental prices for farmland, beef cows, and farm inventories were negative in some years. Furthermore, factor shares in the value of property compensation fluctuated greatly from year to year. The source of these counterintuitive results is the volatility of asset prices. It is important to consider the revaluation of assets in computing the real cost of capital services; however, most capital gains are not realized. To account for this, expected capital gains were used. Expected capital gains for each asset were estimated as the difference between expected and lagged observed asset prices.5 Factor shares were less volatile and positive. Based on the capital stock and property compensation data described above, Tornqvist-Theil indexes of service flows from durable equipment, real property, and farm-produced durables are presented in table 8.
The USDA constructs an index of mechanical power and machinery and an index of real estate. The mechanical power series consists of repairs, depreciation, interest on investment, and fuel and electricity. Service flows from farm real estate consist of the rental value for the equity portion of real estate, interest on real estate mortgages, grazing fees 5 Expected prices for each asset were obtained using an ARIMA model. The model was estimated using the TROLL ARIMA program. on public lands, and repairs and depreciation on service buildings. The value of capital services is the sum of nominal returns to capital less capital gains, plus depreciation, and plus property taxes. The USDA, instead of measuring these items directly, considers annual expenditures associated with the capital input. The implicit assumption is that the yearly payments related to the use of the capital asset equal the value of the service flow from that asset in that year. This is clearly not the case. Depreciation measures the present value of all future declines in efficiency. The USDA uses capital consumption estimates which measure replacement. Counting repairs and maintenance expenditures implies that replacement is counted twice, since it is these very repairs to maintain efficiency that replacement measures. Interest on investment or mortgages is intended as a proxy for returns to capital. While this may be true over a long period of time, the annual flow of returns bears little relation to the annual debt service charge. Furthermore, no allowance is made for revaluation of assets in the USDA measure. Finally, taxes on property are not included in the USDA measurement of capital services. These conceptual differences in measuring capital input lead to some difficulty in comparison. An index of service flows from durable equipment and fuel consumption was constructed. The TornqvistTheil index grew at nearly twice the rate of the USDA index. Total factor productivity grew at an annual rate of 1.75%, compared with 1.70% reported by the USDA. The estimates of productivity growth do not require that outputs and inputs are separable or that productivity differences are neutral. If these assumptions are imposed, the estimates of productivity are not altered. However, under these assumptions the terms on the right-hand side of equation (1) According to the USDA, aggregate input grew at a more modest .13%. The USDA index of aggregate output also grew at a slower rate (1.99% versus 1.83%), but the discrepancy is not so great as for inputs. The similar estimates of productivity growth overshadow some important differences in measurement of individual inputs, primarily labor and capital. The estimated growth rates for these inputs are substantially greater than reported by the USDA. The USDA estimate of labor input does not reflect quality changes. Service flows from capital are assumed equal to the sum of depreciation and interest on the constant dollar value of the stock of capital, plus repairs and maintenance. The use of a market rate of interest to estimate returns to capital items raises the question as to whether or not the selected series is representative of actual returns to investment in that asset. 
